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Objective: Adolescents of single and/or chronically ill parents (target groups) reportedly have elevated psy-
chological stress. However, their salivary cortisol pattern as part of the physiological stress system has not
been compared to controls. The aim of this study is to examine differential outcomes in the diurnal cortisol
pattern of the target groups.
Methods: In total, 100 adolescents of three groups with either single, chronically ill or two healthy parents
were compared on cortisol. Three salivary cortisol samples were taken after awakening, one sample at
noon and one sample at 20:00 p.m. during a non-school day. Group differences and interaction effects be-
tween measurement (5 times), group membership and covariates were tested through linear mixed model-
ing, repeated measures. Covariates were children's sex and age, socioeconomic status (SES) and parental
depression as measured with the Beck Depression Inventory.
Results: The three groups did not differ signiﬁcantly concerning the amount of salivary cortisol, even after
controlling for the covariates. The target groups had a lower SES than adolescents with two healthy parents.
In addition, chronically ill parents were more depressed than single and healthy parents. Male sex and older
age of the child, and lower parental depression were associated with increased cortisol values throughout the
day.
Conclusion: Research on cortisol in children should control for children's sex and age, and parental depres-
sion. Adolescents with single and/or chronically ill parents displayed a healthy pattern of diurnal salivary
cortisol.© 2012 Elsevier Inc. Open access under the Elsevier OA license.Introduction
Adolescents from single parent families and families with a chron-
ically ill parent (target groups) are at increased risk for elevated stress
symptoms due to their family situation [1,2]. Studies in the ﬁeld have
mainly focused on stress measured with questionnaires instead of
physiological stress [1,3–5]. Salivary cortisol secretion can be consid-
ered as an objective measure of physiological stress and should there-
fore be examined in the target groups [6,7].
Adolescent cortisol secretion is associated with the physiological
activity level and differs depending on time and children's sex and
age [8,9]. In the morning, adolescents need higher cortisol levels to
increase the appetite, release energy and stimulate learning process-
es. In the evening, lower cortisol levels are necessary to induce sleep-
iness [10]. High evening cortisol versus low morning cortisol can be a
sign of an unhealthy diurnal cortisol pattern as they are associatedd Development and Education,
0, 1018 VZ Amsterdam, The
vier OA license.with psychosocial problems [11]. A ratio between morning and eve-
ning cortisol amount of less than one is an indicator of poor function-
ing and increased risk for depression [12].
A review found signiﬁcantly increased morning salivary cortisol
levels in girls compared to boys across several studies [8]. Concerning
age effects, one study on (pre)adolescents observed a higher cortisol
mean for older children [13] and another study on adolescents aged
12–18 concluded that basal cortisol values increased with age [9].
Older children become more evening oriented [14], and a high activ-
ity level in the evening, in turn, is associated with cortisol secretion
[11], leading to the assumption that adolescents display higher eve-
ning cortisol levels with rising age.
The activation of the hypothalamic-pituitary-adrenal axis (HPA
axis) during chronic stress depends on the type of stressor. Uncon-
trollable or traumatic stressors like divorce and stressors threatening
physical integrity like chronic illness tend to be accompanied by a
high and ﬂat diurnal cortisol pattern. In addition, such stressors are
associated with relatively low morning cortisol levels and relatively
high evening cortisol levels [15]. One study showed that children
from divorced families exhibited lower cortisol levels after corticotro-
pin releasing hormone stimulation than children from intact families
Table 1
Descriptive statistics for families with single, chronically ill and healthy parents
Single parents Ill parents Healthy parents
Children (n) 27 20 53
Sex (female) 55.6% 35.0% 51.7%
Mean age (SD) 14.96 (2.24) 14.10 (2.00) 14.32 (2.45)
Mean education1 (SD) 7.56 (2.65) 5.80 (3.11) 6.71 (3.30)
Parents (n) 20 17 66
Mean age (SD) 46.12 (4.48) 46.76 (4.34) 46.91 (4.29)
Sex (female) 90.0% 58.82% 50.0%
Average number of children 1.35 1.82 1.61
Monthly income in Euro's (SD) 2050 (979) 2615 (1098) 3615 (1101)
Mean depression2 (SD) 4.60 (3.95) 8.50 (4.96) 3.67 (2.71)
Note: ¹Education level ranges from 1=elementary school to 11=higher vocational
education. 2Depression was measured with the BDI=Beck Depression Inventory.
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pression had higher salivary cortisol concentrations after awakening
than controls [17]. The question arises as to whether adolescents
from families with single and chronically ill parents (target groups)
manifest a different and potentially less healthy cortisol pattern in
comparison with adolescents who have two healthy parents.
Because the target groups share similar family characteristics
which may act as stressors, comparison of these groups with each
other and with a comparison group, may give insight into the inﬂu-
ence of family stressors on cortisol. First, both groups experience life
events within the family. Single parent families are affected by di-
vorce and/or decreased involvement of the spouse who moved out
[18], while families with a chronically ill parent face disease-related
consequences like reduced physical and emotional availability of the
ill parent and/or spouse [19]. In both family types, one or both parents
may be less available, affecting the parent–child relationship [18,20].
Second, adolescents of single and ill parents may share a decreased
socio-economic status (SES). Single parent families appear to be eco-
nomically disadvantaged as a result of divorce or deliberate single
parenthood [21]. Conversely, chronic illness and SES seem to be inter-
related. Researchers are unable to categorically state if factors associ-
ated with low SES contribute to a greater propensity for developing a
chronic illness, or if chronic illness leads to developing low SES, or
both [22]. Results regarding the relationship between SES and chil-
dren's cortisol levels are mixed. One study found that lower neighbor-
hood SES was related to lower cortisol levels in adolescents [23].
Another study concluded that 4.5-year-old children living in low
SES families had signiﬁcantly higher afternoon cortisol levels than
those living in high SES families [24]. Gustafsson, Gustafsson and
Nelson found that latency-aged children in low SES families displayed
higher cortisol levels than those in high SES families at 08:30 a.m., but
no difference was found at 10.30 p.m. or 21.00 p.m. [25]. Similar to
the study fromChen and Paterson [23], we operationalize SESwith fam-
ily income, our sample consists of adolescents and the cortisol samples
are taken in the late afternoon. Accordingly, we expect a positive rela-
tionship between SES and adolescent evening cortisol. Third, the target
groups can be distinguished by increased depressive symptomatology
in parents [4,19,26]. Notably, parental depression is associated with
heightened basal cortisol values and higher cortisol in children after ex-
posure to both 25 mg and 5 mg dexamethasone [27]. Concerning ado-
lescents in particular, parental depression seems to be related to
increased morning cortisol values [28]. Hence, apart from time of sam-
pling and children's sex and age, it is important to consider SES and pa-
rental depression in cortisol analyses [29].
Research to date has not compared adolescents of single and ill
parents with adolescents of two healthy parents on a physiological
stress measure. This study is the ﬁrst to give insight into an element
of the HPA axis functioning of the target groups. Our aim is to exam-
ine differences in salivary cortisol secretion between adolescents of
single and/or ill parents and comparison group. The target groups
are expected to display a higher cortisol awakening response than
comparison group. Further, this study explores which predictors un-
derlie the variability of salivary cortisol in adolescents. We assume
that high morning cortisol values are positively related to female
sex of the child. Presumably, older children display higher evening
cortisol values. SES, as measured with family income, is expected to
show a positive relationship with adolescent evening cortisol secre-
tion. Finally, a high level of parental depression is expected to show
a positive relation with the amount of morning cortisol secretion.
Methods
Sample characteristics
Adolescent participants had to be between 11 and 19 years of age
and to live at home with their parents. Adolescents with a severephysical illness, mental illness, substance abuse or an addiction
were excluded. Adolescents with single parents lived together with
only one parent who was not affected by a severe or chronic somatic
illness. The target group with single parents consisted of 27 adoles-
cents from 20 families. Adolescents with chronically ill parents had
at least one parent with a disabling chronic medical illness lasting
for more than 6 months. The target group with chronically ill parents
included 20 adolescents from 11 families. The comparison group con-
sisted of 53 adolescents from 33 intact families with parents who
were not affected by a severe or chronic somatic illness, see Table 1.
Procedure
Participants were recruited across the Netherlands in randomly
selected schools, community centers and public libraries by using
posters, brochures and invitation letters. Families could show their
interest in participation by contacting the project manager via e-mail,
telephone or post. After initial screening of eligibility for participation
over the phone, the participating families received an information
package and an informed consent form. After obtaining informed con-
sent, research assistants made an appointment to administer question-
naires at the families' homes following a standard procedure [30].
Assistants used modeling techniques to teach children how to imple-
ment cortisol sampling and encouraged parents to guide the sampling
of children's saliva, providing a sheet with cortisol instructions. As a
reward, adolescent participants could choose between a gift voucher,
a cinema ticket or a mobile phone cover.
On a non-school day in the weekend, adolescents mouthed a
6-inch sterile cotton rope (salivette® samples) at 5 times throughout
the day. Saliva samples were stored in the refrigerator and frozen at
−20 °C prior to assay. The samples were sent to Kirschbaum's re-
search laboratory in Germany. Saliva samples were centrifuged at
3000 rpm for 5 min, which resulted in a clear supernatant of low vis-
cosity [30].
Measurement
Adolescent salivary cortisol
Salivary cortisol was measured using a commercially available
chemiluminescence immunoassay with high sensitivity [30]. The
values for salivary cortisol were indicated in nmol/l. Cortisol was
measured at 5 times: after awakening (Time 1), half an hour after
awakening (Time 2), 1 h after awakening (Time 3), at 12:00 a.m.
(Time 4) and at 20:00 p.m. (Time 5). First, we assessed the Cortisol
Awakening Response (CAR) by deducting the cortisol value at Time
1 from the value at Time 2 [31]. Second, we calculated the cortisol
ratio by dividing the mean of the three morning cortisol samples by
the amount of evening cortisol. Third, the cortisol day mean was cal-
culated by dividing the sum of ﬁve cortisol values by 5.
Raw cortisol values that were three standard deviations above or
under the mean, unreasonable values or values taken at times more
Table 2
Group comparison of the amount of salivary cortisol in adolescents
Single group Ill group Healthy group
n Mean (SD) n Mean (SD) n Mean (SD)
Cortisol Time 1 27 16.25 (9.02) 18 16.44 (8.08) 52 14.76 (7.31)
Cortisol Time 2 21 19.52 (10.75) 19 19.42 (11.51) 47 15.87 (10.03)
Cortisol Time 3 25 12.53 (10.55) 16 11.33 (7.35) 50 11.20 (7.68)
Cortisol Time 4 23 6.52 (5.77) 15 5.00 (3.69) 52 5.33 (3.71)
Cortisol Time 5 26 2.36 (2.52) 18 2.49 (2.72) 51 2.43 (2.17)
CAR 21 3.63 (8.17) 17 1.80 (9.24) 47 1.19 (8.28)
Cortisol ratio 19 12.57 (14.76) 14 11.23 (8.65) 44 7.97 (5.09)
Cortisol day mean 16 10.76 (4.48) 11 10.55 (4.55) 44 10.11 (4.30)
Note. CAR=cortisol awakening response. Cortisol ratio=mean of cortisol from T1 to T3
divided by the amount of cortisol at T5.
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reasonable values at Time 1 were deleted. For cortisol measured
from Time 2 to Time 5, we excluded 1, 1, 2 and 2 value(s), respective-
ly, because they were three standard deviations above the mean. At
Time 2, we deleted 4 unreasonable values. Due to sampling outside
of the foreseen time frame between Time 2 and Time 5, we excluded
4, 8, 7 and 3 additional value(s), respectively. After removing outliers,
7.2% of the cortisol values were missing throughout the data set.
Covariates
Children's sex was coded as male (0) and female (1). Children's
age was rounded to whole numbers. SES was measured as the month-
ly income per household after taxes with more income representing
higher SES. Parents' depressive symptoms were determined with
the Beck Depression Inventory (BDI), a 21-item self-report scale mea-
suring affective, cognitive, behavioral and somatic signs of depression
[32]. Higher scores indicate more depressive symptoms. For families
with two parents, the depression scores were summed and divided
by 2. The reliability of this measure was Cronbach's α=.74 in single
parents, α=.76 in parents from the ill group and α=.71 in healthy
parents.
Data analysis
Descriptive statistics were used to describe demographic character-
istics of parents and adolescents from the three groups. ANOVA and chi-
square tests revealed whether the groups signiﬁcantly differed in de-
mographics, time of cortisol sampling and parental depression.
To answer the research questions, we used multilevel modeling of
the repeated cortisol measurements. We tested whether the amount
of cortisol changed during the day and whether the cortisol pattern
was affected by group membership and the covariates (children's
sex and age, SES, and parental depression). Multi-level regression
analysis accounted for the hierarchical structure of the data (with
multiple measurements within adolescents, and sometimes multiple
adolescents within families) [33]. In the multilevel model, the inter-
cept represented the cortisol level immediately after waking up
(Time 1) and 4 regression coefﬁcients represented deviances at
Times 2, 3, 4 and 5 from the baseline level which are referred to
as Time 2 deviance, Time 3 deviance, Time 4 deviance and Time 5 de-
viance, respectively. Two other regression coefﬁcients represented
differences of the single parent group and ill parent group from the
comparison group (adolescents with two healthy parents). In our
analysis, ﬁrst, we entered main effects only. Second, we added inter-
action effects of time deviances with group membership. Third, we
checked interaction effects of time deviances with covariates. Explor-
atively, we examined other interaction effects.
All analyses were performed using the SPSS procedure MIXED,
version 17.0.
Results
Descriptive statistics and group differences in SES and parental depression
ANOVA and chi-square tests revealed that the three adolescent groups did not dif-
fer in demographic characteristics that may inﬂuence the amount of cortisol, such as
sex, age or educational level (p≥.05). None of the adolescents reported any form of
drug use. Only 7% of the adolescents reported cigarette smoking and 7% of the adoles-
cents indicated to drink more than 6 consumptions of alcohol a week. Four participants
had asthma and one child had a light form of epilepsy. In our sample, there were no
cases of thyroid dysfunction.
ANOVA showed that parents' age did not differ between the groups (p≥.05). Parents'
gender, however, differed [χ²(2)=10.17, p≤.01]. In single parent families, the vast major-
ity of the parents weremothers (90%). Chronic parental illness included severe inﬂamma-
tory bowel disease (45.4%), multiple sclerosis and rheumatoid arthritis (both 18.2%), and
spinal cord injury and neuromuscular disease (both 9.1%).
Single parents and ill parents displayed a lower SES than healthy parents [F(2,63)=
14.39, p=.000]. The effect sizes for these differences were Cohen's d=−1.46 and d=
−.91, respectively. Parental depressive symptoms also differed per group [F(2,63)=7.60,p=.001]. Chronically ill parents were more depressed than healthy parents (d=1.47)
and single parents (d=.87).
Table 2 provides group means and standard deviations for the cortisol values from
Time 1 to Time 5 and for CAR, cortisol ratio and diurnal cortisol mean. The average
awakening time of adolescents was 8:26 a.m. The mean time of sampling from Time
1 to Time 5 was 8:31 a.m., 9:06 a.m., 9:37 a.m., 12:23 p.m. and 20:15 p.m., respectively,
and did not differ between the groups. There was no group difference in CAR, cortisol
ratio or cortisol day mean. Concerning the cortisol ratio, none of the adolescents had a
value below one, suggesting that adolescents from all three groups generally displayed
a healthy cortisol ratio.
Multilevel regression analyses of the diurnal salivary cortisol secretion of adolescents
In the linear mixed model analysis, we distinguished between the individual level
and the repeated measurements level. As the addition of the family level did not signif-
icantly improve the model ﬁt, we did not take the family level into account to explain
the variance of adolescent cortisol.
Multilevel analyses revealed that the amount of cortisol at all different time points
was signiﬁcantly different from cortisol at Time 1. At Time 2, there was a signiﬁcant
rise in the amount of cortisol. After Time 2, adolescents' cortisol values signiﬁcantly de-
creased over time until the lowest value at Time 5, see Table 3. Fig. 1 shows differential
trends in diurnal salivary cortisol of adolescents. Visual inspection suggested that the
target groups had higher amounts of cortisol after awakening in comparison to adoles-
cents with two healthy parents. However, no signiﬁcant differences between the target
groups and controls on cortisol secretion were found, see Table 3. We did ﬁnd that, on
average, the cortisol level throughout the day was lower for female adolescents. In ad-
dition, older adolescents displayed higher cortisol values throughout the day. Parental
depression was related to a lower level of cortisol.
To investigate whether the effects of group membership and the covariates were
consistent throughout the day, we checked interaction effects. We found no signiﬁcant
interaction effects of time and group membership. Regarding the interaction effects of
time and covariates, totalling 24 possible effects, we only found two signiﬁcant effects
(an age effect at Time 2 and an effect of SES at Time 3), which could be considered
chance results. We also looked at interaction effects of the covariates and only found
an interaction effect of children's sex and age on cortisol, indicating that older girls dis-
played higher cortisol values throughout the day than other children. Exploratively, we
looked at other interactions but we did not ﬁnd any signiﬁcant effects.
Discussion
This study aimed to assess differences between adolescents from
families with single, chronically ill and healthy parents in the diurnal
salivary cortisol pattern. The study also examined the variance in ad-
olescents' salivary cortisol secretion at ﬁve times throughout a non-
school day. Our hypothesis that the target groups would display
higher morning cortisol values than controls was not supported. Ad-
olescent salivary cortisol did vary throughout the day, and we did
ﬁnd effects of children's sex and age, and parental depression. Chil-
dren's sex and age, and parental depression appeared to be correlated
with the amount of adolescent cortisol, but these effects were not
speciﬁc for morning or evening cortisol values as opposed to our
assumptions.
Although salivary cortisol did not differ between the groups, the
target groups were confronted with an environment that was poten-
tially more stressful in comparison with children who had two
healthy parents. Regarding the family situation, adolescents with sin-
gle and chronically ill parents proved to be at a ﬁnancial disadvantage
Table 3
Diurnal salivary cortisol pattern and predictors of cortisol secretion in adolescents
Effect SE p-value
Time 1 (baseline) 15.77 .86 .00
Time 2 deviance (Time 2 vs Time 1) 1.96 .90 .03
Time 3 deviance (Time 3 vs Time 1) −3.88 1.10 .00
Time 4 deviance (Time 4 vs Time 1) −9.98 .94 .00
Time 5 deviance (Time 5 vs Time 1) −13.11 .82 .00
Single parent vs. healthy parents .04 .50 .95
Ill parents vs. healthy parents .91 .61 .14
Children's sex (female) −.77 .39 .05
Children's age 1.18 .19 .00
Socioeconomic status −.05 .22 .82
Parental depression −.59 .23 .01
Note. The sample consists of 100 children with each 5 measurements (n=500).
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elevated in families with a chronically ill parent, suggesting that ado-
lescents in these families faced a relatively stressful situation. On the
one hand, this potential stressfulness was not reﬂected in the salivary
cortisol secretion of these adolescents. On the other hand, the ob-
served trends illustrated that the CAR of the target groups was slight-
ly higher compared to that of adolescents with healthy parents,
which is in line with a study indicating higher morning cortisol
values for children at risk for family depression [17]. Still, in our
study, group differences in cortisol secretion were not statistically
signiﬁcant. In addition, entering parental depression and SES as cov-
ariates did not reveal any differences in cortisol between adolescents
of single and/or ill parents and controls. This suggests that the target
groups may be resilient in terms of the salivary cortisol reactivity to
chronic stressors. Accordingly, qualitative studies [34] and quantita-
tive studies [35,36] proposed that the target groups function well
and may be resilient. In addition, none of the adolescents showed a
cortisol ratio below one, suggesting that the target groups displayed
a healthy diurnal cortisol pattern [11].
Considering the variability of adolescent cortisol levels, the amount
of salivary cortisol signiﬁcantly dropped over time. Unlike our expecta-
tion andmost results from a reviewby Jessop and Turner-Cobb [8], boys
had higher amounts of salivary cortisol throughout the day than girls.
Our results indicated that the effect of children's sex on cortisol was
not speciﬁc for themorning. Other studies did not show sex differences
in basal, morning or evening cortisol [8]. In addition, three studies ex-
amining sex differences in response to stress tasks and corticotropin re-
leasing hormone stimulation found higher levels of salivary cortisol for
adolescents and young adults [30]. Possibly, we found higher cortisol
values for boys because our sample consisted of older adolescents in
comparisonwith samples indicating higher values of cortisol for female
children [8].
In line with previous research, especially older adolescents dis-
played higher cortisol amounts [9,13]. Our assumption that adoles-
cents especially exhibit higher morning or evening cortisol levels0
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Fig. 1. Diurnal salivary cortisol pattern for adolescents with single, ill and healthy par-
ents from Time 1 to Time 5.with rising age was not supported. The review by Jessop and
Turner-Cobb generally found mixed results concerning the relation-
ship between children's age and cortisol secretion [8], leading to the
conclusion that it may be preferable to differentiate salivary cortisol
secretion within small age ranges. In addition, interaction effects be-
tween children's sex and age (within small ranges) should be consid-
ered. We followed these recommendations in our study and divided
adolescents in three age groups. In our study, we did not ﬁnd signiﬁ-
cant effects for age ranges. However, results conﬁrmed an interaction
effect between children's sex and age on cortisol, so older girls dis-
played higher cortisol values throughout the day.
Furthermore, SES was not related to the amount of cortisol, con-
tradicting ﬁndings that there is a signiﬁcant relationship between
SES and adolescent cortisol [23–25]. It is possible that we did not rep-
licate the ﬁndings from Chen and Paterson [23], because we operatio-
nalized SES with family income and not as an indicator of prestige
within society. Chen and Paterson conducted correlations showing
that lower family income was associated with lower adolescent corti-
sol. However, family income was not a signiﬁcant predictor of adoles-
cent cortisol after controlling for neighborhood SES [23]. Moreover,
parental depression was associated with lower cortisol values
throughout the day, which can be interpreted as a ﬂattening effect
of the exposure to chronic stressors on cortisol [37]. We did not rep-
licate the ﬁndings of a study on postpartum depression concluding
that adolescents especially display higher amounts of morning corti-
sol [28]. Possibly, the effects of parental depression on salivary corti-
sol in adolescents also depend on the type of depression, the sex of
the depressed parent and whether there was a prior episode of de-
pression [24]. In our study, we did not measure depression as a clin-
ical diagnosis but as a function of depressive symptoms, which
could explain our ﬁnding as well. Further, our ﬁndings demonstrate
how valuable it is to control for sex, age, SES and depressive symp-
tomatology in cortisol studies [38]. We note that our results may be
difﬁcult to compare with the ﬁndings of the current literature because
our sample was unique in the sense that half of the sample was sub-
ject to at least one potential family stressor (i.e., divorce, absence of
spouse, parental illness and/or depression and low SES).
Although the sample size of the target groups was small, we
gained statistical power from repeated measurements. Besides, the
number of predictors in linear mixed modeling was limited. An
issue could be that children did not follow the cortisol instructions
according to the protocol, but it should be noted that we removed un-
reasonable values and outliers from the sample and that this limita-
tion would have applied to all groups equally. Further, we did not
control for menstruation cycles and Tanner stages in girls. We also
did not control for physical activity, drug use or medication use in
the participants. Last but not least, this study did not use alternative
physiological stress measures like alpha-amylase, an enzyme helping
to detect catecholamines in the blood which are representative of
high stress levels. Alfa-amylase involves activation of the sympathetic
nervous system, whereas cortisol measurements only help to draw
conclusions about the functioning of the parasympathetic nervous
system [39].
Future research on the target groups should take into account the
parasympathetic–sympathetic feedback cycle including cortisol,
alpha amylase, heart rate, skin conductance level and self-report of
stress [39]. Researchers may beneﬁt from a larger sample to compen-
sate for the measurement errors and ﬂuctuations inherent to cortisol
sampling. Moreover, it is not clear which features determine that the
target groups show a healthy diurnal cortisol pattern despite family
stressors such as parental depression, so these protective features
should be examined further.
In conclusion, our study is the ﬁrst to document differential diur-
nal cortisol patterns in adolescents from single parent families, fami-
lies including a chronically ill parent and adolescents with two
healthy parents. The study is unique concerning the simultaneous
292 D.S. Sieh et al. / Journal of Psychosomatic Research 72 (2012) 288–292assessment of family, parent and child variables based on self-report
and physiological measurements. The lack of signiﬁcant differences
in adolescent cortisol secretion gives reason to believe that children
of single and chronically ill parents may be resilient in terms of sali-
vary cortisol as opposed to what research on self-report of stress
and problem behavior in the target groups suggested [3,40]. Explain-
ing the variance in salivary cortisol of adolescents depends on time of
sampling, children's sex and age, and parental depression.
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